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Electrocardiographic Studies 

of Free-Swimming Sharks 

Abstract. Electrocardiograms were 
taken of young lemon sharks, Negaprion 
brevirostris, as they swam freely in a 
circular concrete pool. Electrodes at? 
tached to the fin and torso yielded 
negligible or minute deflections, but 
direct leads yielded satisfactory re? 

cordings. 

Few accounts of the elasmobranch 

electrocardiogram are available: Kisch 
(1) has reported epicardial and endo- 
cardial tracings from two species of 
sharks and two species of skates which 
were anesthetized and submerged in a 
small tank; Satchell (2) studied re- 
strained dogfish. However, up to the 
present, no one has taken an electro? 

cardiogram of a free-swimming marine 
animal although King et al. (3) with 
difficulty recorded a few beats from 
the heart of a beluga whale. We have 
devised a method for the electrocardiog- 
raphy of freely moving sharks in a 
pool of flowing sea water. 

In preliminary experiments we found 
that electrodes attached to the fin and 
torso yielded minimal deflections be? 
cause the shark's heart is so well in- 
sulated by its cartilaginous skeleton. 
Hence direct leads were essential, but 
they present problems because of the 
proximity of the heart to the cartilage. 
Extracardiac structures in the shark 
have high electrical resistance not 
found in electrocardiography of the 
higher vertebrates. 

A free-swimming lemon shark 
(Negaprion brevirostris), approximately 
1 m long, was anesthetized (4) with 
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Fig. 1. Representative electrocardiogram of a free-swimming lemon shark (paper 
speed, 50 mm/sec). 

MS-222 (tricaine-methane-sulfonate), 
removed from the water, and strapped 
to a restraining board (5). The gills 
were perfused with fresh sea water. We 
used an atraumatic electrode with 
a 20-gauge hypodermic needle in a 

plastic jacket that extended 2 mm be? 

yond the tip of the needle. The lumen 
of the plastic tube, distal to the needle, 
was filled with agar saturated with 
sea water. A single exploring electrode 
was placed over the ventricular epi- 
cardium through a drill hole in the 
skin and coracoid cartilage in the mid- 
ventral line. The flexible conducting 
cable (Alpha wire No. 26), 3 ft long, 
was sutured to the skin at two points 
as it passed around the right side of 
the shark to the base of the first dorsal 
fin where it was again securely sutured. 
The distal end of the cable with an in- 
sulated waterproof connector trailed 

freely from the leading edge of the fin. 
The shark was then returned to a cir- 
cular concrete pool, 4 m in diameter 
and 40 cm deep, where it recovered 

rapidly. Two hours later the first trac- 

ings were recorded. The shark's elec? 
trode cable was attached to a longer 
cable which passed to a swivel 3 m 
above the center of the pool and thence 
to a Sanborn Viso-Cardiette at the side 
of the pool. The indifferent electrode 
and ground wires were placed in the 
water near the edge of the pool (6). 
Electrocardiograms were recorded at 
paper speeds of 25 and 50 mm/sec with 
standardization recorded for each ex? 
periment. 

Over a period of 3 years we obtained 
more than 200 electrocardiographic re? 
cordings from 12 lemon sharks about 
1 m long and weighing approximately 
8 kg. Each shark was studied repeatedly 
on two or more successive days. A rep? 
resentative electrocardiogram is pre? 
sented in Fig. 1. 

The records made while the shark 
was resting at the bottom of the pool 
showed clearly defined waves synchro- 
nous with movement of the gills, with 
a frequency of about half the cardiac 
rate. However, during active swimming, 
gill movements were absent since 

water passed continuously through the 

open mouth and out the gill slits. Un? 
der these circumstances the electro- 

cardiographic deflections appeared with 
a stable rather than an undulating base 
line. 

The cardiac rate ranged between 30 
and 65 beats per minute as the temper? 
ature of the water varied. The rate was 

relatively fixed for a given shark and 
did not change significantly with vari? 
ous stimuli: tapping the side of the 

pool, waving the hand, splashing water, 
or placing dye in the water. 

Average measurements in seconds 
are: P waves, 0.06; P-R interval, 0.38; 
QRS complex, 0.09; and Q-T interval, 
1.04. The ventricular depolarization 
and repolarization deflections are clear? 

ly defined. No attempt is made to 

analyze magnitude and direction of 
the deflections because the relationship 
between the exploring eiectrode and 
the heart was not fixed. 

We believe that our technique facili- 
tates the study of cardiac function in 
elasmobranchs and other marine verte? 
brates under conditions approaching 
more closely those found in nature 
than when the animal is restrained, 
anesthetized, or removed from the 
water (7). 

Perry W. Gilbert 

Department of Zoology, Cornell 

University, Ithaca, New York 
Steven D. Douglas 

Cornell University Medical College, 
New York 21, New York 

References and Notes 

1. B. Kisch, Exptl Med. and Surg. 6, 31 (1948); 
7, 55 (1949). 

2. G. H. Satchell, /. Exptl Biol. 37, 719 (1960). 
3. R. L. King, J. L. Jenks, P. D. White, Cir? 

culation 8, 387 (1953). 
4. P. W. Gilbert and F. G. Wood, Science 126, 

212 (1957). 
5. P. W. Gilbert and S. D. Douglas, Anat. 

Record 138, 351 (1960). 
6. F. N. Wilson, F. D. Johnston, F. Rosenbaum, 

P. S. Barker, Am. Heart J. 32, 277 (1946). 
7. We thank Dr. James Snodgrass for his as? 

sistance in preparing the atraumatic eiectrode 
and the swivel. This investigation was car? 
ried out at the Lefner Marine Laboratory of 
the American Museum of Natural History, 
and was aided by a grant from the National 
Science Foundation and by contract Nonr- 
401 (33) NR 104-71 between the Office of 
Naval Research and Cornell University. 

28 February 1963 

SCIENCE, VOL. 140 


